Abstract: Although acute myocardial infarction (AMI) is the most serious coronary disease, the background of its onset and the mortality are not fully understood, especially in Japan. From June 1999 to May 2005, we mailed an annual questionnaire to eighteen hospitals in which emergency cardiac catheterization and percutaneous coronary intervention (PCI) were available in the Fukushima area of J apan_ A total of 1,590 patients were included_ The onset time of AMI had two peaks, Le., from 9: 00 AM to 10: 00 AM and 9: 00 PM to 10: 00 PM. As for reperfusion therapy, four groups were analyzed, the non-reperfusion therapy group (Group N, n=233), thrombolysis alone group (Group T, n=80), PCI without thrombolysis group (Group P, n=1106), and PCI with thrombolysis group (Group TP, n = 151). The in-hospital mortality rate was significantly reduced in Group P (8.4%) compared with that in Group N (33.0%, P < 0.01) and Group T (18.8%, P < 0.01). However, the in-hospital mortality in Group P did not differ from that in Group TP (9.9%). The in-hospital mortality was analyzed by the logistic regn;ssion analysis among age, arrival time after onset, peak creatine kinase (CK) values, coronary risk factors, reperfusion therapy, PCI, and thrombolysis. There were significant differences in age (p < 0.01), peak CK values (p < 0.01), hypertension (p < 0.05), and diabetes mellitus (p<0.01). These results suggest that the onset of AMI may be partly related to human biorhythms, and that PCI would be effective in reducing the in-hospital mortality.
INTRODUCTION
Acute myocardial infarction (AMI) is regarded as the most serious coronary disease. There have been reports of circadian, day-of-week, and seasonal variabilities in the occurrence of AMP-B). However, the frequency differences of the onset in terms of different times and seasons are not fully understood, especially in Japan. An assessment of the variability of these factors would be important for the recognition of its underlying mechanisms and the prevention of AMI. Moreover, recently the efficacy of reperfusion therapy has been demonstrated in patients with AMI in Japan B - 13 ) . However, the difference in mortality between the various methods of reperfusion therapy remains unclear. Thus, we studied the onset and mortality of AMI patients in the Fukushima area of Japan who had either undergone no reperfusion or been treated using different reperfusion methods of percutaneous coronary intervention (PCI) or thrombolysis.
METHODS
From June 1999 to May 2005 , we mailed out an annual AMI questionnaire to eighteen hospitals at which emergency cardiac catheterization and PCI were available in the Fukushima area (Fukushima Prefecture and Y onezawa City in Yamagata Prefecture) of Japan. Those hospitals receive over eighty percent of AMI patients in Fukushima Prefecture. The questionnaire items included the onset date and time, method of reperfusion therapy, and in-hospital mortality. As for reperfusion therapy, four groups were analyzed from the standpoint of the inhospital mortality rate during the hospitalization of 28.2±21.9 days: the patients treated without reperfusion therapy (Group N, n=233), the patients treated with thrombolysis alone (Group T, n=80), the PCI patients treated without thrombolysis (Group P, n=I,106), and the PCI patients treated with thrombolysis (Group TP, n= 151). Reperfusion therapy was selected as the treatment of choice by all eighteen hospitals. The remaining patients were treated with coronary artery bypass grafting (n=20). Coronary risk factors except for obesity were also included in the questionnaire, which were measured during the hospitalization according to the criteria of each institution. Obesity was defined as body mass index (BMI) ~ 25.0 kg/m2.
Statistical analysis
Values are expressed as mean±SD. The circadian variation, variation on the day of the week, and seasonal variability were analyzed by the chi-square test. The proportions of male, hypertension, hyperlipidemia, diabetes mellitus, smoking, obesity, and family history were analyzed using Fisher's exact probability test. Statistical evaluation of in-hospital mortality among the four treated groups was done using chi-square test, followed by a post hoc test (Fisher's protected least significant difference). Statistical analyses of age, the arrival time after onset, and peak creatine kinase (CK) values among the four groups were done using one-way analysis of variance, followed by a post hoc test (Fisher's protected least significant difference). In-hospital mortality was assessed by the logistic regression analysis among age, the arrival time after onset, peak CK values, coronary risk factors, reperfusion therapy, PCI, and thrombolysis. Several variables including coronary risk factors were analyzed by odds ratio. The level of significance was p < 0.05.
RESULTS
All together, 1,590 patients were included in this study. Their average age was 68.2 ± 12.3 years. Figure 1 demonstrates that the onset time of AMI had two peaks, i.e., from 9 : 00 AM to 10 : 00 AM and 9 : 00 PM to 10: 00 PM, implying a circadian variation as assessed from the onset times (p < 0.01). Figure 2 shows the onset day of the week, and Figure 3 indicates the monthly frequency of AMI onset. As demonstrated, the onset day of the week and seasonal variability were not significantly different, although the AMI onset seemed to occur more often in January and less often in July and August.
As for reperfusion therapy, 233 patients were included in the non-reperfusion group (Group N), 80 patients in the thrombolysis group (Group T), 1,106 patients with PCI not in the thrombolysis group (Group P), and 151 patients with PCI in the thrombolysis group (Group TP). Twenty patients treated with coronary artery bypass grafting in the acute phase were not included in the present analysis. The characteristics of patients in the three groups are shown in the Table 1 . The proportions of male, hyperlipidemia, and smoking were significantly different in Groups T, P and TP compared with those in Group N. The in-hospital mortality was significantly decreased in Group P (8.4%) compared with that in Group N (33.0%, P < 0.01) or Group T (18.8%, P < 0.01, Table 2 , Figure 4 ), whereas in Group P it was not different from that in Group TP (9.9%, Figure 5 ). Moreover, the arrival time after onset was significantly longer in Group N (17.6±28.2 hours) than in Group T (7.1± 10.0 hours, p <0.01), Group P (9.1±20.9 hours, p <0.01), and Group TP (5.2±9.5
hours, p <0.01, Table 2, Figure 6 ). Peak CK values were significantly lower in Figure 7 ). Although patients in Group T were significantly older than those in Group P Group TP (n=136) Figure 7 . Mean±SD values of peak creatine kinase are shown for three reperfusion methods. Unclear peak creatine kinase value cases and peak-out cases of creatine kinase were not included (n=341). CK, creatine kinase. was longer than in Group TP (p < 0.05, Figure 6 ), although peak CK values were not significantly different between the groups (Figure 7) . The in-hospital mortality was analyzed by the logistic regression analysis among age, arrival time, peak CK values, coronary risk factors, reperfusion therapy, PCI, and thrombolysis. There were significant differences in age (p < 0.01, Table 3 ). Thus, age, peak CK values, hypertension, and diabetes mellitus were the important factors determining the in-hospital mortality.
Several variables including coronary risk factors were analyzed by odds ratio (Figure 8 ). The in-hospital mortality was significantly decreased in male, hyperlipidemia, smoking, reperfusion therapy, and PCI (p < 0.05), but significantly increased in hypertension (p < 0.05).
DISCUSSION
This study demonstrated that circadian, the day-of-week, and seasonal variabilities in the occurrence of AMI and the in-hospital mortality rate were related to the different methods used for reperfusion therapy. Many studies have been conducted on the onset of AMP-B). Spielberg et al. reported that the onset of AMI was most frequent at 10: 00 AM7). They found that the suggested reason for the high occurrence in the morning may be related to morning increases in catecholamine concentrations, blood pressure, serum cortisol, and platelet aggregability. Our data also demonstrated peak occurrences from 9 : 00 AM to 10 : 00 AM (Figure 1 ). Muller et al. reported the secondary peak at 8: 00 PM, and the maximum frequency at 9: 00 AMI). They indicated that the late evening peak could reflect a different process from what caused AMI in the morning. In Japanese patients, we also found the secondary peak from 9 : 00 PM to 10 : 00 PM (Figure 1 ). These results suggest that human biorhythms may be involved in the onset of AMI.
The highest incidence of AMI reportedly occurred on Monday5-7). Willich et al. reported that the occurrence of AMI demonstrated a peak on Monday, especially in the working population 6 ). They assumed an increase in physical and mental burden from leisurely weekend activities to stressful work on Monday in the majority of working patients. However, the occurrence of AMI throughout one week was not notably different in our study (Figure 2 ). The reason may be the many elderly patients most of who were non-working. Thus, the day of onset is likely to be largely dependent on the patient or lifestyle.
As for seasonal variability in the occurrence of AMI, Spielberg et al. reported the peak occurrence in March 7 ). They suspected that the cold air and solar hours per day would affect the occurrence of AMI. Our study showed the peak occurrence of AMI was in January (Figure 3 ), but the difference was not significant. Although our results would partly reflect the fact that January is the coldest month in the Fukushima area, no strong trend in seasonal variability could be detected.
PCI is widely accepted as the effective reperfusion treatment of choice for AMIB -20) . Our study also demonstrated that in-hospital mortality was significantly decreased in Group P compared with Group N (Figure 4) . In this analysis, however, it should be noted that it took longer for Group N patients to reach the hospital after AMI onset, leading to lower peak CK values and no recommendation for PCI or thrombolysis. Moreover, Group N patients were older. It is also unclear why the ischemic area at AMI onset was large in patients with non-reperfusion therapy, compared with that of Group P patients. Accordingly, the highest mortality rate in Group N does not necessarily reflect non-reperfusion induced myocardial damage alone.
Upon comparison, the adverse aggregate outcome occurred significantly less often in the PCI group (p = 0.033) than in the thrombolysis group at day 30 in the GUSTO lIb triaP4). Le May et al. reported that thrombolysis followed by PCI reduced the risk of recurrent ischemic events compared with thrombolysis alone, and that it was not associated with an increase in major bleeding complications 16 ) . Gershlick et al. found that event-free survival after failed thrombolytic therapy was significantly higher in patients with rescue PCI than those with repeated thrombolysis or conservative treatment 18 ) .
In a comparison between PCI with and without thrombolysis, Ross et al. reported that since early recanalization before catheter laboratory arrival preserved left ventricular function, thrombolysis plus PCI was more effective than PCI alone 15 ) . Moreover, Brodie et al. reported that door-to-balloon time was a key factor in inhospital and late cardiac mortality19). They considered that the optimum reperfusion strategy may be a local thrombolysis followed by PCI, i.e., facilitated PCl. However, Keeley et al. reported that facilitated PCI was associated with increased rates of short-term death, non-fatal reinfarction, and target vessel revascularization, compared with PCI alone, and was associated with higher rates of major bleeding than PCI alone 20 ) . A controversy exists between the two strategies in the modern era.
In our study, the in-hospital mortality in Group P was not different from that in Group TP (Figure 4) . Although the arrival time after onset was significantly earlier in Group TP than in Group P, peak CK values did not significantly differ between Groups P and TP ( Figure 6, 7) , suggesting no difference in infarct size between the two groups. Further study is needed in this issue.
Multiple variables were analyzed by the logistic regression analysis and odds ratio. There were significant differences in age, peak CK values, hypertension, and diabetes mellitus (Table 3) . Hypertension and diabetes mellitus are widely accepted with coronary risk factors 8 ,12,13) . Age and peak CK values affected the inhospital mortality, but not arrival time after onset (Table 3) . It is likely that arrival after onset in severe myocardial infarction cases was not always delayed, whereas there were mild myocardial infarction cases with delayed arrival after onset. In our analysis by odds ratio, in-hospital mortality was significantly decreased in male, hyperlipidemia, smoking, reperfusion therapy, and PCI and significantly increased in hypertension (Figure 8 ). Reperfusion therapy and PCI would be effective against in-hospital mortality. It seems that the mortality rate is higher although morbidity rate is lower in female (Table 1, Figure 8 ). Actually, Milcent et al. reported that female with AMI had a higher in-hospital mortality rate than male 21l . However, it is unclear why patients with hyperlipidemia or smoking showed lower risk in in-hospital mortality in this study during the short observation period. One of the reasons of the results might be caused by the various criteria of each institution. Concerned with the hyperlipidemia, a paradoxical decrease in mortality with increasing BMI was shown in patients undergoing PCI (the obesity paradox)22-24 l. Compared with normal weight patients, obese patients less frequently developed in-hospital hemorrhagic complications and less commonly required blood product transfusions 24l . In these reports, obese patients more frequently had hyperlipidemia than normal weight patients22-24l. Therefore, obesity and hyerlipidemia could be protective against the mortality in patients undergoing PCI in our study, because patients with PCI were about four times compared with patients without PCI. Further study is needed concerned with coronary risk factors.
Study limitations
Not all patients with AMI in the Fukushima area were included in this study. Moreover, this study was a retrospective cohort. There was no randomization with regard to reperfusion therapy. In comparing the three groups given reperfusion therapy, the myocardial infarction area, culprit lesion, the number of diseased vessels, and collateral flow were not evaluated in the present study. Therefore, it is difficult to directly determine what kind of reperfusion therapy is superior. Moreover, the choice of therapy was entrusted to the judgment of the institutions. Thus, the results may not be unfair. Further studies are needed concerned with these issues. However, the results of this study would be useful for understanding the efficacy of the reperfusion therapy, because the doctors themselves would select the method of reperfusion therapy in actual clinical situations according to on a case-by-case basis. Furthermore, coronary risk factors were expressed by the criteria of each institution. Therefore, the severity of each coronary risk factor is unclear. Further study is needed in this issue, too.
In conclusion, the onset of AMI seemed closely related to circadian rhythms, variations in days of the week, and seasonal variability, suggesting human biorhythm involvement. Although the intervention of coronary reperfusion, especially by PCI, was likely to be effective in reducing in-hospital mortality after the onset of AMI, no precise analysis of PCI effectiveness was made in the present study. Although further study is recommended to clarify these issues, the present epidemiological investigation may help to establish the protection or treatment for AMI in Japan.
